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Description

[Technical Field]

[0001] The present application claims the benefits of priority based on Korean Patent Application No. 10-2021-0092060
filed on July 14, 2021, the entire contents of which are incorporated herein by reference.
[0002] The present invention relates to a non-aqueous electrolyte solution and a lithium secondary battery including
the same, and in particular, to a non-aqueous electrolyte solution capable of enhancing quick charging performance
and resistance properties of a secondary battery, and a lithium secondary battery including the same.

[Background Art]

[0003] A lithium secondary battery is generally manufactured by forming an electrode assembly through providing a
separator between a positive electrode including a positive electrode active material formed with a lithium-containing
transition metal oxide and a negative electrode including a negative electrode active material capable of storing lithium
ions, inserting the electrode assembly to a battery case, injecting a non-aqueous electrolyte solution that is a medium
transferring lithium ions thereto, and then sealing the result.
[0004] Such a lithium secondary battery is used in electric vehicles and the like as well as in portable electronic devices
such as mobile phones or notebook computers, and demands thereon is rapidly increasing. As demands for a lithium
secondary battery increases and subject of application becomes diverse, a level of performance required for a lithium
secondary battery is gradually increasing as well. For example, high energy density, high output properties, and durability
usable for a long period of time under a harsh condition are required for a lithium secondary battery used for electrical
vehicles. In addition thereto, demands for quick charging performance capable of charging a battery in a short period
of time is also increasing recently.
[0005] However, lithium secondary batteries that have been developed so far do not have sufficient quick charging
performance, and, even when quick charge is possible, have a problem of rapidly declining battery performance when
quick charge is repeated.

[Prior Art Documents]

[Patent Documents]

[0006]

(Patent Document 1) Korean Laid-open Patent Publication No. 2019-0008100
(Patent Document 2) International Publication No. 2015-093091

[Disclosure]

[Technical Problem]

[0007] One embodiment of the present invention has been made to resolve such problems, and is directed to providing
a non-aqueous electrolyte solution capable of enhancing quick charging performance and output properties of a lithium
secondary battery, and a lithium secondary battery including the same.

[Technical Solution]

[0008] In order to achieve the above objects, one embodiment of the present invention provides a non-aqueous
electrolyte solution for a lithium secondary battery, including a lithium salt, an organic solvent and a compound represented
by the following Formula 1 as a first additive.
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[0009] In Formula 1 above,
R1 and R2 are the same as or different from each other, and are each independently a substituted or unsubstituted C1
to C10 alkyl group; a substituted or unsubstituted C2 to C10 alkenyl group; a substituted or unsubstituted C2 to C10
alkynyl group; a substituted or unsubstituted C6 to C20 aryl group; or a substituted or unsubstituted C1 to C10 trialkylsiloxy
group.
[0010] In addition, one embodiment of the present invention provides the non-aqueous electrolyte solution for a lithium
secondary battery, in which R1 and R2 in Formula 1 above are the same as or different from each other, and are each
independently a substituted or unsubstituted C1 to C10 alkyl group; or a substituted or unsubstituted C1 to C10 trialkyl-
siloxy group.
[0011] In addition, one embodiment of the present invention provides the non-aqueous electrolyte solution for a lithium
secondary battery, in which R1 and R2 in Formula 1 above are substituted with a substituted or unsubstituted C3 to C10
trialkylsiloxy group.
[0012] In addition, one embodiment of the present invention provides the non-aqueous electrolyte solution for a lithium
secondary battery, in which the compound represented by Formula 1 is a compound represented by any one of the
following Formula 1-1 to Formula 1-7.
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[0013] In addition, one embodiment of the present invention provides the non-aqueous electrolyte solution for a lithium
secondary battery, in which the first additive is included in an amount of 0.01% by weight to 10% by weight with respect
to a total weight of the electrolyte solution.
[0014] In addition, one embodiment of the present invention provides the non-aqueous electrolyte solution for a lithium
secondary battery, further including a second additive, wherein the second additive is at least one selected from the
group consisting of vinyl ethylene carbonate (VEC), vinylene carbonate (VC), fluoroethylene carbonate (FEC), propane
sultone (PS), ethylene sulfate (ESa), succinonitrile (SN), 1,3,6-hexane tricarbonitrile (HTCN), 1,4-dicyano-2-butene
(DCB), ethylene glycol bis(propionitrile) ether, propargyl 1H-imidazole-1-carboxylate, methyl prop-2-ynyl carbonate,
fluorobenzene (FB), difluorobenzene, hexafluorobenzene, 1,1,2,2-tetrafluoroethyl-2,2,2-trifluoroethyl ether, bis(trifluor-
omethyl)-1,3-dioxolane and 1,1,2,2-tetrafluoroethyl-2,2,3,3-tetrafluoropropyl ether.
[0015] In addition, one embodiment of the present invention provides the non-aqueous electrolyte solution for a lithium
secondary battery, in which the second additive is included in an amount of 0.01% by weight to 10% by weight with
respect to a total weight of the electrolyte solution.
[0016] In addition, one embodiment of the present invention provides the non-aqueous electrolyte solution for a lithium
secondary battery, in which the lithium salt is selected from the group consisting of LiCl, LiBr, Lil, LiBF4, LiClO4, LiB10Cl10,
LiAlCl4, LiAlO4, LiPF6, LiCF3SO3, LiCH3CO2, LiCF3CO2, LiAsF6, LiSbF6, LiCH3SO3, LiFSI (lithium bis(fluorosulfonyl)im-
ide, LiN(SO2F)2), LiTFSI (lithium bis(trifluoromethanesulfonyl)imide, LiN(SO2CF3)2), LiBETI (lithium bisperfluor-
oethanesulfonimide, LiN(SO2CF2CF3)2), LiBOB (lithium bis(oxalate) borate, LiB(C2O4)2), LiODFB (lithium difluoro(ethan-
edioato)borate, LiBF2(C2O4)), LiDFP (lithium difluorophosphate, F2LiO2P), LiDFOP (lithium difluoro bis(oxlato) phos-
phate) and LiTDI (lithium 4,5-dicyano-2-(trifluoromethyl)imidazolide).
[0017] In addition, one embodiment of the present invention provides the non-aqueous electrolyte solution for a lithium
secondary battery, in which the lithium salt has a concentration of 0.1 M to 3 M.
[0018] In addition, one embodiment of the present invention provides the non-aqueous electrolyte solution for a lithium
secondary battery, in which the organic solvent includes at least one selected from the group consisting of ethers, esters,
amides, linear carbonates and cyclic carbonates.
[0019] In addition, one embodiment of the present invention provides a lithium secondary battery including a positive
electrode, a negative electrode, a separator interposed between the positive electrode and the negative electrode, and
the non-aqueous electrolyte solution for a lithium secondary battery described above.

[Advantageous Effects]

[0020] The non-aqueous electrolyte solution for a lithium secondary battery according to one embodiment of the
present invention includes a compound represented by Formula 1 as a first additive, thereby implementing a lithium
secondary battery having superior quick charging performance, output improving effect and gas reducing effect.

[Best Mode]

[0021] Specific embodiments provided according to the present specification may all be achieved by the following
descriptions. The following descriptions need to be understood as describing preferred specific embodiments of the
present invention, and it needs to be understood that the present invention is not limited thereto.
[0022] In addition, in the present specification, a term "substituted or unsubstituted" means being substituted with one
or more substituents selected among deuterium, a halogen group, a hydroxyl group, an amino group, a thiol group, a
nitro group, a nitrile group, a silyl group, a siloxy group and a linear or branched C1-C6 alkoxy group, or having no
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substituents.
[0023] One embodiment of the present invention provides a non-aqueous electrolyte solution for a lithium secondary
battery, including a lithium salt, an organic solvent and a compound represented by the following Formula 1.

[0024] In Formula 1,
R1 and R2 above are the same as or different from each other, and are each independently a substituted or unsubstituted
C1 to C10 alkyl group; a substituted or unsubstituted C2 to C10 alkenyl group; a substituted or unsubstituted C2 to C10
alkynyl group; a substituted or unsubstituted C6 to C20 aryl group; or a substituted or unsubstituted C1 to C10 trialkylsiloxy
group.
[0025] In one embodiment of the present invention, R1 and R2 in the compound represented by Formula 1 above are
the same as or different from each other, and may be each independently a substituted or unsubstituted C1 to C10 alkyl
group, preferably a substituted or unsubstituted C1 to C5 alkyl group and more preferably a substituted or unsubstituted
C1 to C4 alkyl group.
[0026] In one embodiment of the present invention, R1 and R2 in the compound represented by Formula 1 may be
substituted with a substituted or unsubstituted C3 to C10 trialkylsiloxy group, preferably substituted with a substituted
or unsubstituted C3 to C5 trialkylsiloxy group and more preferably substituted with a trimethylsiloxy group.
[0027] In one embodiment of the present invention, R1 and R2 in the compound represented by Formula 1 are the
same as or different from each other, and may be each independently a substituted or unsubstituted C3 to C10 trialkylsiloxy
group, preferably a C3 to C5 trialkylsiloxy group and more preferably a trimethylsiloxy group.
[0028] In one embodiment of the present invention, the compound represented by Formula 1 may be a compound
represented by any one of the following Formula 1-1 to Formula 1-7.
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[0029] In one embodiment of the present invention, the compound represented by Formula 1 may be preferably a
compound represented by the following Formula 1-1 or Formula 1-7.
[0030] In one embodiment of the present invention, the non-aqueous electrolyte solution for a lithium secondary battery
includes the compound represented by Formula 1 as a first additive, thereby enabling quick charging and suppressing
degradation of battery performance even when quick charging is repeated.
[0031] In one embodiment of the present invention, the first additive may be included in an amount of 0.01% by weight
to 10% by weight, preferably in 0.01% by weight to 5% by weight and more preferably in 0.1% by weight to 3% by weight
with respect to the total weight of the electrolyte liquid. If the content of the first additive is less than the above range,
effects of improving quick charging performance and improving a positive electrode film are insignificant, and if the
content of the first additive exceeds the above range, there is a problem in that resistance increases and oxidation
stability is reduced due to decomposition of the first additive. Accordingly, the content of the first additive preferably
satisfies the above range.
[0032] In addition, in one embodiment of the present invention, the non-aqueous electrolyte solution for a lithium
secondary battery may further include a second additive, and the second additive may be at least one selected from the
group consisting of vinyl ethylene carbonate (VEC), vinylene carbonate (VC), fluoroethylene carbonate (FEC), propane
sultone (PS), ethylene sulfate (ESa), succinonitrile (SN), 1,3,6-hexane tricarbonitrile (HTCN), 1,4-dicyano-2-butene
(DCB), ethylene glycol bis(propionitrile) ether, propargyl 1H-imidazole-1-carboxylate, methyl prop-2-ynyl carbonate,
fluorobenzene (FB), difluorobenzene, hexafluorobenzene, 1,1,2,2-tetrafluoroethyl-2,2,2-trifluoroethyl ether, bis(trifluor-
omethyl)-1,3-dioxolane and 1,1,2,2-tetrafluoroethyl-2,2,3,3-tetrafluoropropyl ether.
[0033] In addition, in one embodiment of the present invention, the second additive may be included in an amount of
0.01% by weight to 10% by weight, preferably in 0.01% by weight to 5% by weight and more preferably in 0.1% by weight
to 3% by weight with respect to the total weight of the electrolyte liquid. If the content of the second additive is less than
the above range, an effect of improving quick charging performance is insignificant due to decreased film stability of an
electrode, and if the content of the second additive exceeds the above range, there are problems in that electrode film
resistance increases due to decomposition of the second additive and side reactions occur. Accordingly, the content of
the second additive preferably satisfies the above range.
[0034] In one embodiment of the present invention, the non-aqueous electrolyte solution for a lithium secondary battery
may include a lithium salt, and the lithium salt may be at least one selected from the group consisting of LiCl, LiBr, Lil,
LiBF4, LiClO4, LiB10Cl10, LiAlCl4, LiAlO4, LiPF6, LiCF3SO3, LiCH3CO2, LiCF3CO2, LiAsF6, LiSbF6, LiCH3SO3, LiFSI
(lithium bis(fluorosulfonyl)imide, LiN(SO2F)2), LiTFSI (lithium bis(trifluoromethanesulfonyl)imide, LiN(SO2CF3)2), LiBETI
(lithium bisperfluoroethanesulfonimide, LiN(SO2CF2CF3)2), LiBOB (lithium bis(oxalate) borate, LiB(C2O4)2), LiODFB
(lithium difluoro(ethanedioato)borate, LiBF2(C2O4)), LiDFP (lithium difluorophosphate, F2LiO2P), LiDFOP (lithium difluoro
bis(oxlato) phosphate) and LiTDI (lithium 4,5-dicyano-2-(trifluoromethyl)imidazolide).
[0035] The lithium salt may have a concentration of 0.1 M to 3.0 M, preferably 0.5 M to 2.5 M and more preferably 0.8
M to 2.0 M. If the lithium salt concentration is less than 0.1 M, conductivity of the electrolyte solution decreases, and
thus electrolyte solution performance declines, and if the concentration exceeds 3.0 M, viscosity of the electrolyte solution
increases, which causes a problem of reducing lithium ion mobility. Accordingly, the lithium salt concentration preferably
satisfies the above range. The lithium salt acts as a lithium ion supply source in a battery, and enables basic lithium
secondary battery operation.
[0036] In one embodiment of the present invention, the non-aqueous electrolyte solution for a lithium secondary battery
may include an organic solvent, and as the organic solvent, solvents commonly used in a lithium secondary battery, for
example, ether compounds, ester (acetates, propionates) compounds, amide compounds, linear carbonate or cyclic
carbonate compounds, and the like may be either alone or a mixture of two or more types thereof.
[0037] Among the compounds listed above, it is preferable that linear carbonates and cyclic carbonates may be mixed
and used as the organic solvent. If mixing and using linear carbonates and cyclic carbonates as the organic solvent,
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dissociation and migration of the lithium salt may be facilitated. In this case, the cyclic carbonate-based compound and
the linear carbonate-based compound may be mixed in a volume ratio of 1:9 to 6:4, preferably 1:9 to 4:6 and more
preferably 2:8 to 4:6.
[0038] Meanwhile, specific examples of the linear carbonate compound may be one type of compound selected from
the group consisting of dimethyl carbonate (DMC), diethyl carbonate (DEC), dipropyl carbonate (DPC), ethylmethyl
carbonate (EMC), methylpropyl carbonate (MPC) and ethylpropyl carbonate (EPC) or a mixture of at least two or more
types thereof, but are not limited thereto.
[0039] In addition, specific examples of the cyclic carbonate compound may be one type of compound selected from
the group consisting of ethylene carbonate (EC), propylene carbonate (PC), 1,2-butylene carbonate, 2,3-butylene car-
bonate, 1,2-pentylene carbonate, 2,3-pentylene carbonate, vinylene carbonate and halides thereof or a mixture of at
least two or more types thereof.

Lithium Secondary Battery

[0040] Hereinafter, a lithium secondary battery according to one embodiment of the present invention will be described.
[0041] In one embodiment of the present invention, the lithium secondary battery includes a positive electrode, a
negative electrode, a separator and a non-aqueous electrolyte solution for a lithium secondary battery. More specifically,
the lithium secondary battery includes at least one or more positive electrodes, at least one or more negative electrodes,
a separator that may be selectively interposed between the positive electrodes and the negative electrodes, and the
non-aqueous electrolyte solution for the lithium secondary battery. In this case, since the description on the non-aqueous
electrolyte solution for a lithium secondary battery are the same as the descriptions provided above, specific descriptions
thereon will be omitted.

(1) Positive Electrode

[0042] The positive electrode may be prepared by coating positive electrode active material slurry including a positive
electrode active material, a binder for an electrode, an electrode conductive material, a solvent and the like on a positive
electrode current collector.
[0043] The positive electrode current collector is not particularly limited as long as it has conductivity without causing
chemical changes to the corresponding battery, and for example, stainless steel, aluminum, nickel, titanium, sintered
carbon, or aluminum or stainless steel surface-treated with carbon, nickel, titanium, silver or the like may be used. In
this case, the positive electrode current collector may also strengthen binding strength with the positive electrode active
material by forming fine irregularities on the surface, and various forms such as films, sheets, foil, nets, porous bodies,
foams or non-woven fabrics may be used.
[0044] The positive electrode active material is a compound capable of reversibly intercalating or deintercalating
lithium, and may be specifically a lithium composite metal oxide including lithium and one or more types of metals such
as cobalt, manganese, nickel or aluminum. More specifically, the lithium composite metal oxide may be a lithium-
manganese-based oxide (for example, LiMnO2, LiMn2O4 or the like), a lithium-cobalt-based oxide (for example, LiCoO2
or the like), a lithium-nickel-based oxide (for example, LiNiO2 or the like), a lithium-nickel-manganese-based oxide (for
example, LiNi1-Y1MnY1O2 (herein, 0<Y1<1), LiMn2-z1Niz1O4 (herein, 0 < Z1 < 2) or the like), a lithium-nickel-cobalt-based
oxide (for example, LiNi1-Y2CoY2O2 (herein, 0<Y2<1) or the like), a lithium-manganese-cobalt-based oxide (for example,
LiCo1-Y3MnY3O2 (herein, 0<Y3<1), LiMn2-z2Coz2O4 (herein, 0 < Z2 < 2) or the like), a lithium-nickel-manganese-cobalt-
based oxide (for example, Li(Nip1Coq1Mnr1)O2 (herein, 0<p1 <1, 0<q1 <1, 0<r1<1, p1+q1+r1=1) or Li(Nip2Coq2Mnr2)O4
(herein, 0 < p2 < 2, 0 < q2 < 2, 0 < r2 < 2, p2+q2+r2=2) or the like), a lithium-nickel-cobalt-transition metal (M) oxide (for
example, Li(Nip3Coq3Mnr3MS1)O2 (herein, M is selected from the group consisting of Al, Fe, V, Cr, Ti, Ta, Mg and Mo,
and p3, q3, r3 and s1 are atomic fractions of each independent elements and 0 < p3 < 1, 0 < q3 < 1, 0 < r3 < 1, 0 < s1
< 1, p3+q3+r3+s1=1) or the like) or the like, and may be any one or two or more compounds thereof.
[0045] Among these, the lithium composite metal oxide may be, in terms of increasing capacity properties and stability
of the battery, LiCoO2, LiMnO2, LiNiO2, a lithium nickel manganese cobalt oxide (for example, Li(Ni0.6Mn0.2Co0.2)O2,
Li(Ni0.5Mn0.3Co0.2)O2, Li(Ni0.8Mn0.1Co0.1)O2 or the like), a lithium nickel cobalt aluminum oxide (for example,
LiNi0.8Co0.15Al0.05O2 or the like) or the like, and considering the significance of improvement effects obtained by controlling
types and content ratio of the constituting elements forming the lithium composite metal oxide, the lithium composite
metal oxide may be Li(N0.6Mn0.2Co0.2)O2, Li(Ni0.5Mn0.3Co0.2)O2, Li(Ni0.7Mn0.15Co0.15)O2, Li(Ni0.8Mn0.1Co0.1)O2 or the
like, and any one or a mixture of two or more thereof may be used.
[0046] The binder for an electrode is a component assisting binding of the positive electrode active material and the
electrode conductive material and the like, and binding for the current collector. Specifically, the binder for an electrode
may be polyvinylidene fluoride, polyvinyl alcohol, carboxyl methyl cellulose (CMC), starch, hydroxyl propyl cellulose,
regenerated cellulose, polyvinyl pyrrolidone, polytetrafluoroethylene, polyethylene (PE), polypropylene, an ethylene-
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propylene-diene polymer (EPDM), a sulfonated EPDM, styrene-butadiene rubber, fluoro rubber, various copolymers
thereof and the like.
[0047] The electrode conductive material is a component for further enhancing conductivity of the positive electrode
active material. The electrode conductive material is not particularly limited as long as it has conductivity without causing
chemical changes in the corresponding battery, and for example, may be graphite; carbon-based materials such as
carbon black, acetylene black, ketjen black, channel black, furnace black, lamp black or thermal black; conductive fibers
such as carbon fibers or metal fibers; fluorocarbon, aluminum, metal powders such as nickel powder; conductive whiskers
such as zinc oxide or potassium titanate; conductive metal oxides such as titanium oxide; conductive materials such as
polyphenylene derivatives, and the like. Specific examples of commercially available conductive materials are acetylene
black series (Chevron Chemical Company), denka black (Denka Singapore Private Limited), products of Gulf Oil Com-
pany, Ketjen black, EC series (products of Armak Company), Vulcan XC-72 (products of Cabot Company), Super P
(products of Timcal Ltd.) and the like.
[0048] The solvent may include an organic solvent such as N-methyl-2-pyrrolidone (NMP), and may be used in an
amount to have preferable viscosity when including the positive electrode active material, and optionally the binder for
a positive electrode, the positive electrode conductive material and the like.

(2) Negative Electrode

[0049] In addition, the negative electrode may be prepared by coating negative electrode active material slurry including
a negative electrode active material, a binder for an electrode, an electrode conductive material, a solvent and the like
on a negative electrode current collector. Meanwhile, a metal negative electrode current collector itself may be used as
the negative electrode.
[0050] The negative electrode current collector is not particularly limited as long as it has high conductivity without
causing chemical changes in the corresponding battery, and for example, may be copper, stainless steel, aluminum,
nickel, titanium, baked carbon, copper or stainless steel surface-treated with carbon, nickel, titanium, silver or the like,
aluminum-cadmium alloys or the like. In addition, like the positive electrode current collector, the negative electrode
current collector may also strengthen binding strength with the negative electrode active material by forming fine irreg-
ularities on the surface, and may be used in various forms such as films, sheets, foil, nets, porous bodies, foams or non-
woven fabrics.
[0051] As the negative electrode active material, one or more types of negative electrode active materials selected
from the group consisting of natural graphite, artificial graphite, carbonaceous materials; lithium-containing titanium
composite oxides (LTO), metals (Me) such as Si, Sn, Li, Zn, Mg, Cd, Ce, Ni or Fe; alloys formed with the metals (Me);
oxides (MeOx) of the metals (Me); and composite of the metals (Me) and carbon may be included.
[0052] Descriptions on the binder for an electrode, the electrode conductive material and the solvent are the same as
the descriptions above, and therefore, specific descriptions thereon will be omitted.

(3) Separator

[0053] As the separator, common porous polymer films used as a separator in the art, for example, porous polymer
films prepared with polyolefin-based polymers such as an ethylene homopolymer, a propylene homopolymer, an ethyl-
ene/butene copolymer, an ethylene/hexene copolymer and an ethylene/methacrylate copolymer may be used either
alone or as a laminate thereof, or common porous non-woven fabrics, for example, non-woven fabrics made of glass
fiber, polyethylene terephthalate fiber, etc. having a high melting point may be used, but the separator is not limited thereto.
[0054] Hereinafter, preferred examples are presented to help the understanding of the present invention, but the
following examples are provided only to make the present invention easier to understand, and the present invention is
not limited thereto.

Example

1. Example 1

(1) Preparation of non-aqueous electrolyte solution for lithium secondary battery

[0055] Ethylene carbonate (EC):dimethyl carbonate (DMC) were mixed in a volume ratio of 30:70, and then LiPF6
(lithium hexafluorophosphate) was dissolved therein to a concentration of 1.0 M to prepare a non-aqueous organic
solvent. To the non-aqueous organic solvent, 1% by weight of a compound represented by the following Formula 1-1
was added as a first additive, and 2% by weight of vinylene carbonate (VC) and 1% by weight of 1,3-propanesultone
(PS) were added thereto as a second additive to prepare a non-aqueous electrolyte solution for a lithium secondary
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battery.

(2) Manufacture of lithium secondary battery

[0056] A positive electrode active material (LiNi0.8Co0.1Mn0.1O2; NCM811), carbon black as a conductive material and
polyvinylidene fluoride (PVDF) as a binder were mixed in a weight ratio of 97.7:0.3:2, and then added to N-methyl-2-
pyrrolidone (NMP), which is a solvent, to prepare a positive electrode active material slurry. The positive electrode active
material slurry was applied on an aluminum (Al) thin film, which is a positive electrode current collector, having a thickness
of approximately 20 mm, then dried to prepare a positive electrode, and then the result was roll pressed to prepare a
positive electrode.
[0057] Graphite as a negative electrode active material, polyvinylidene difluoride (PVDF) as a binder and carbon black
as a conductive material were mixed in a weight ratio of 95:2:3, and then added to N-methyl-2-pyrrolidone (NMP), which
is a solvent, to prepare negative electrode active material slurry. The negative electrode active material slurry was applied
on a copper (Cu) thin film, which is a negative electrode current collector, having a thickness of 10 mm, then dried to
prepare a negative electrode, and then the result was roll pressed to prepare a negative electrode.
[0058] The positive electrode, the negative electrode, and a separator formed with polypropylene/polyethylene/poly-
propylene (PP/PE/PP) were laminated in the order of the positive electrode/the separator/the negative electrode, and
after placing the laminated structure in a pouch-type battery case, the non-aqueous electrolyte solution for a lithium
secondary battery was injected thereto to manufacture a lithium secondary battery.

2. Example 2

[0059] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that 3% by weight of the compound represented by Formula 1-1
was added to the non-aqueous organic solvent as the additive.

3. Example 3

[0060] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that 1% by weight of a compound represented by Formula 1-2
was added as the additive instead of 1% by weight of the compound represented by Formula 1-1.

4. Example 4

[0061] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that 1% by weight of a compound represented by Formula 1-3
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was added as the additive instead of 1% by weight of the compound represented by Formula 1-1.

5. Example 5

[0062] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that 1% by weight of a compound represented by Formula 1-4
was added as the additive instead of 1% by weight of the compound represented by Formula 1-1.

6. Example 6

[0063] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that 1% by weight of a compound represented by Formula 1-5
was added as the additive instead of 1% by weight of the compound represented by Formula 1-1.

7. Example 7

[0064] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that 1% by weight of a compound represented by Formula 1-6
was added as the additive instead of 1% by weight of the compound represented by Formula 1-1.
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8. Example 8

[0065] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that 1% by weight of a compound represented by Formula 1-7
was added as the additive instead of 1% by weight of the compound represented by Formula 1-1.

Comparative Example

1. Comparative Example 1

[0066] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that when preparing the electrolyte solution for a lithium secondary
battery, the compound represented by Formula 1 was not used as the additive.

2. Comparative Example 2

[0067] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that 15% by weight of the compound represented by Formula
1-1 was added as the additive.

3. Comparative Example 3

[0068] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that 1% by weight of the following Comparative Compound 1
was added as the additive instead of 1% by weight of the compound represented by Formula 1-1.
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4. Comparative Example 4

[0069] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that 1% by weight of the following Comparative Compound 2
was added as the additive instead of 1% by weight of the compound represented by Formula 1-1.

5. Comparative Example 5

[0070] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that 1% by weight of the following Comparative Compound 3
was added as the additive instead of 1% by weight of the compound represented by Formula 1-1.

6. Comparative Example 6

[0071] A non-aqueous electrolyte solution for a lithium secondary battery and a lithium secondary battery were man-
ufactured in the same manner as in Example 1, except that 1% by weight of the following Comparative Compound 4
was added as the additive instead of 1% by weight of the compound represented by Formula 1-1.
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[0072] The components and the contents of the additives used in Examples 1 to 8 and Comparative Examples 1 to 6
are shown in Table 1 below.

Experimental Example

1. Experimental Example 1: Evaluation of quick charging performance

[0073] The lithium secondary batteries according to Examples 1 to 8 and Comparative Examples 1 to 6 were charged
to 4.2 V/0.2 C mA at room temperature under a constant current/constant voltage (CC/CV) condition of 1 C/4.2 V, and
then discharged to 2.5 V under a constant current (CC) condition of 0.2 C to measure initial discharge capacity.
[0074] As described above, initial capacity of each of the lithium secondary batteries manufactured in Examples 1 to
8 and Comparative Examples 1 to 6 was measured, and then the lithium secondary battery in a state of charge (SOC)
3% was charged while changing the C-rate as described in the following Table 2 depending on the SOC state, and the
voltage value was checked at an interval of 1 second for each charging section to measure the voltage profile.
[0075] After that, the finish condition was set using the finish time set in each section with the C-rate set for each SOC
section from SOC 3% to SOC 78% at room temperature (25°C) and the voltage value for each section obtained in the
CC mode, so that the amount of charge when charging in the CC/CV mode was recorded. Then, discharging was
performed to SOC 3% with 0.5 C in the CC mode again. The charging and discharging described above was performed
as 1 cycle, and after 100 cycles, charge capacity was measured, and {charge capacity measured after 100 cycles/initial
charge capacity}3100 was evaluated as a quick charge capacity retention rate (%). The measurement results are shown
in the following Table 3.

[Table 1]

Additive Type Additive Content (% by weight)

Example 1 Formula 1-1 1

Example 2 Formula 1-1 3

Example 3 Formula 1-2 1

Example 4 Formula 1-3 1

Example 5 Formula 1-4 1

Example 6 Formula 1-5 1

Example 7 Formula 1-6 1

Example 8 Formula 1-7 1

Comparative Example 1 - 0

Comparative Example 2 Formula 1-1 15

Comparative Example 3 Comparative Compound 1 1

Comparative Example 4 Comparative Compound 2 1

Comparative Example 5 Comparative Compound 3 1

Comparative Example 6 Comparative Compound 4 1
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[0076] As shown in Table 3 above, the lithium secondary batteries of Examples 1 to 8 using the non-aqueous electrolyte
solution according to one embodiment of the present invention had an excellent quick charge capacity retention rate of
85% or more.
[0077] On the other hand, it can be confirmed that Comparative Examples 1 to 6 in which the first additive was not
added, the first additive was added in excess, or the compounds (Comparative Compounds 1 to 4) other than the first
additive according to one embodiment of the present invention were used as the first additive had a significant decrease
in the capacity after quick charge compared to the examples.

Experimental Example 2: Evaluation of low-temperature discharge output

[0078] After setting the state of charge of each of the lithium secondary batteries after initial charge and discharge in
Experimental Example 1 to SOC 100% (state of charge, SOC 100%), discharge output capacity when discharging at a
current of 2 C in a 0°C chamber was measured, and the measured value was substituted into the following Equation 1
to evaluate a low-temperature discharge output retention rate (%). The measurement results are shown in Table 4 below. 

[Table 2]

Charging time (sec) C-rate (C)

SOC 3% to 61% 880 2.5

SOC 62% to 78% 620 1

[Table 3]

Quick charge capacity retention rate (%)

Example 1 87

Example 2 91

Example 3 88

Example 4 86

Example 5 85

Example 6 92

Example 7 93

Example 8 94

Comparative Example 1 67

Comparative Example 2 69

Comparative Example 3 74

Comparative Example 4 75

Comparative Example 5 78

Comparative Example 6 72
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[0079] Referring to Table 4, it was confirmed that the low-temperature discharge output capability of the lithium sec-
ondary batteries according to the examples was higher than the low-temperature discharge output of the lithium secondary
batteries of the comparative examples.
[0080] Simple modifications and changes of the present invention are all within the scope of the present invention,
and the specific protection scope of the present invention will become clear by the attached claims.

Claims

1. A non-aqueous electrolyte solution for a lithium secondary battery, comprising:

a lithium salt;
an organic solvent; and
a compound represented by the following Formula 1 as a first additive:

wherein, in Formula 1,
R1 and R2 are the same as or different from each other, and are each independently a substituted or unsubstituted
C1 to C10 alkyl group; a substituted or unsubstituted C2 to C10 alkenyl group; a substituted or unsubstituted
C2 to C10 alkynyl group; a substituted or unsubstituted C6 to C20 aryl group; or a substituted or unsubstituted
C1 to C10 trialkylsiloxy group.

2. The non-aqueous electrolyte solution for a lithium secondary battery according to claim 1, wherein R1 and R2 are

[Table 4]

Low temperature discharge output retention rate (%)

Example 1 76

Example 2 73

Example 3 74

Example 4 74

Example 5 72

Example 6 79

Example 7 81

Example 8 81

Comparative Example 1 52

Comparative Example 2 45

Comparative Example 3 48

Comparative Example 4 49

Comparative Example 5 55

Comparative Example 6 55
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the same as or different from each other, and are each independently a substituted or unsubstituted C1 to C10 alkyl
group; or a substituted or unsubstituted C1 to C10 trialkylsiloxy group.

3. The non-aqueous electrolyte solution for a lithium secondary battery according to claim 1, wherein R1 and R2 are
substituted with a substituted or unsubstituted C3 to C10 trialkylsiloxy group.

4.  The non-aqueous electrolyte solution for a lithium secondary battery according to claim 1, wherein the compound
represented by Formula 1 is a compound represented by any one of Formula 1-1 to Formula 1-7:
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5. The non-aqueous electrolyte solution for a lithium secondary battery according to claim 1, wherein the first additive
is included in an amount of 0.01% by weight to 10% by weight with respect to the total weight of the non-aqueous
electrolyte solution.

6. The non-aqueous electrolyte solution for a lithium secondary battery according to claim 1, further comprising a
second additive,
wherein the second additive is at least one selected from the group consisting of vinyl ethylene carbonate (VEC),
vinylene carbonate (VC), fluoroethylene carbonate (FEC), propane sultone (PS), ethylene sulfate (ESa), succinon-
itrile (SN), 1,3,6-hexane tricarbonitrile (HTCN), 1,4-dicyano-2-butene (DCB), ethylene glycol bis(propionitrile) ether,
propargyl 1H-imidazole-1-carboxylate, methyl prop-2-ynyl carbonate, fluorobenzene (FB), difluorobenzene, hex-
afluorobenzene, 1,1,2,2-tetrafluoroethyl-2,2,2-trifluoroethyl ether, bis(trifluoromethyl)-1,3-dioxolane and 1,1,2,2-
tetrafluoroethyl-2,2,3,3-tetrafluoropropyl ether.

7. The non-aqueous electrolyte solution for a lithium secondary battery according to claim 6, wherein the second
additive is included in an amount of 0.01% by weight to 10% by weight with respect to the total weight of the non-
aqueous electrolyte solution.

8. The non-aqueous electrolyte solution for a lithium secondary battery according to claim 1, wherein the lithium salt
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is at least one selected from the group consisting of LiCl, LiBr, Lil, LiBF4, LiClO4, LiB10Cl10, LiAlCl4, LiAlO4, LiPF6,
LiCF3SO3, LiCH3CO2, LiCF3CO2, LiAsF6, LiSbF6, LiCH3SO3, LiFSI (lithium bis(fluorosulfonyl)imide, LiN(SO2F)2),
LiTFSI (lithium bis(trifluoromethanesulfonyl)imide, LiN(SO2CF3)2), LiBETI (lithium bisperfluoroethanesulfonimide,
LiN(SO2CF2CF3)2), LiBOB (lithium bis(oxalate) borate, LiB(C2O4)2), LiODFB (lithium difluoro(ethanedioato)borate,
LiBF2(C2O4)), LiDFP (lithium difluorophosphate, F2LiO2P), LiDFOP (lithium difluoro bis(oxlato) phosphate) and LiTDI
(lithium 4,5-dicyano-2-(trifluoromethyl)imidazolide).

9. The non-aqueous electrolyte solution for a lithium secondary battery according to claim 1, wherein the lithium salt
has a concentration of 0.1 M to 3 M.

10. The non-aqueous electrolyte solution for a lithium secondary battery according to claim 1, wherein the organic
solvent includes at least one selected from the group consisting of ethers, esters, amides, linear carbonates and
cyclic carbonates.

11.  A lithium secondary battery comprising:

a positive electrode;
a negative electrode;
a separator interposed between the positive electrode and the negative electrode; and
the non-aqueous electrolyte solution for a lithium secondary battery according to any one of claims 1 to 10.
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